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ABSTRACT — 

* m * Can iw f U ® al br ^ kf ' s °, r clutchcs are currently used in a number of mecha- 
^n?rt€ IL'? 8 P a .Pf r describes the requirements, design, and performance of a 
centrifugal regulator aimed at limiting deployment rates of deployable 

wiwtusniis i 

. This mechanism, which uses centrifugal force to produce friction of studs, 

''ArkinJ? ri a aS i 8tl ^x mallUfactured i and tested to specification for the IUE (see 
Acknowledgement--) solar array. 


INTRODUCTION- 


whirh 0 ^? 6 ^ u £ IUE aolair arra y is characterized by a complex motion 
which can be broken into elementary rotations and translation. 


The deployment is initiated by a 
operations' are fulfilled in automatic 
Controlled by a- centrifugal regulator 
throughout all phases of deployment. 


pyrotechnic device, and the various 
sequence to final lockup. The motion is 
driven by a cable continuously pulled out 


This solution was selected in-view of the following factors: 

1. Limiting end of travel shocks to values compatible with mechanical 

strength of the frame and spacecraft attachment 

2. Low sensitivity to the operating temperature range (in contrast to a 

hydraulic system, which is sensitive to the variation of viscosity) 

3. Good cleanliness and, in particular, low outgassing without seal 

problems 


4. Availability of a large number of parameters which are easily adlustable 
during tests " J 




MAIN REQUIREMENTS OF THE DESIGN 

Tho »aain requirements of the design nr-e-givon In the following table: 
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Unwound length, m ..... 

Nominal load, N . 

Maximum load, N 

Nominal unwinding cable rate (corresponding to lQ°/sec), mm/sec .... 

Ope fating threshold, N 

Passive mechanism 

Temperature range, °C -75 * 

Mass Including cable and attachment, kg 


0.75 
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0.15 
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DESCRIPTION 
General Description 

A general description of the centrifugal regulator is given in figures 1, 
2, and 3.. The overall mechanism is comprised of 4 distinct functional parts in 
a machined housing: 

1. The centrifugal brake device, which checks the payout of the cable 

2. The reducing gear, which produces the spin rate necessary for the 

braking device 

3. The payout device, which allows the unwinding of the cable 

4. The locking device, which prevents uhtimely unwinding 

The centrifugal regulator is set into operation by a threshold tension of 
the cable which unlocks the mechanism and allows unwinding. The pulley of the 
Windout device drives the centrifugal brake with the help of the reduc : g gear. 

The centrifugal force pushes aside weights that produce friction of the 
studs in- a cylindrical housing. 



Centrifugal Braking Device 

The centrifugal braking device (fig. 3) revolves within a cylindrical bore 
through the housing; the bore’s walls serve as a braking track for the device 
which consists of 

1. One flail, rotating idly about the driving axis 

2. Two weights hinged to the flail equipped with friction studs 

3. One spring for return of the weights 

4. One drive bar pinned on to the axis and directly acting on the weight 
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rn m f^nnH S f U,?e ° C brake blocka upon Che broking track in the rennlt of three 
c mhinod forces: (1) centrifugal force on the v/eighta, (2) driving tarejue, nn d 
(3) counteract ibn by the apring. 


Reducing dear 

Tl ‘i« of two stages and given an overall multiplication ratio of 
6.5 * 6.5 ° 42.25 , 


The Windout Device 

Thia consists of a helical throat pulley in which the cable Is held within 
windout°for tL Vible^*^ 1 “ h ° 11 inte 8 rate * t0 the housing. A slot allows 

The windout device is linked to the driving hub of the reduction gear 

n«v?M a if 0 J 8l0n f Pri ? 8 *° dged wlthln the P ulle y. This spring, which provides 
flexible linkage, is aimed at limiting cable tension as well as dynamic loads 

transmitted to the regulating device. A cable-guide bogie allows the windout 
for various positions of the cable. 


The Blocking Device 


t.. * H ? blockin S device is intended to avoid untimely unwinding of the cable. 

,.)L bl £ C ^® the centrifugal brake when the cable's tension is below the operating 
reshold. This acts through axial pressure of the primary gear's shaft on the 
spindle of the braking device. Such pressure is applied by a torsion spring, 
producing differential rotation of both driving hub and shaft. 


The axial motion is initiated by a pin engaged through the two helical 
srots of the hub. As soon as the applied torque exceeds the value of the 
spring s initial tension, the device releases the centrifugal brake. The reduc- 
tion gear is then driven from stop position of the spin at the end of the 
helical slots. As soon as the cable's tension is slackened, the spring's 
action causes Immediate blocking of the centrifugal regulator. 


TEST RESULTS 

During tests, the plastic bearing was replaced by bronze pads because 
expansion of the plastic led to excessive clearance with respect to the toothed 
gears. The nominal unwinding cable rate was obtained by adjustment of the 
weight return spring. 

The mechanism behaved well at qualification temperature and vibrations. 
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PERFORMANCE 


fhp main performance data are Riven in the following table: 


Unwinding length 1 , m 
Operating threshold, N . . 

Nominal load, 

Maximum load, N [ \ ’ ' 

Nominal cable payout rate, ‘mm/aoe, ! 
Nominal brake rotation rate, rad/aoe 
Operating temperature, °C , , 

kg 


-n < T 


array, the°len8el^of thS/eS^ /°Tj! a 4 ale doal8ned (;si; Solar 

All other characteristics are identical/ d 6 m n tUo Bam ho ^ing. 


0.75 

a 

40 

100 

36 

60 

-• 120 
0.135 


CONCLUDING. REMARKS 

allow T ^L r deployment Control of solar/rrf regulator8 is ^vious since they 
booms actuated by springs, compressed gas/etc!*/ 6 ?”? 8 ’ b °° m8 ^ tele8copic 

paekage^within^^very Zn^l^ln * 1 LtT ^ 

not being conside^^s^deLminatin/calc^ the depl °y raent sequence 

reliability, since the safety 8 Ca ; culatlott ca ^, and (2) very good 

energy needed lot deployment and tht m^m^Se'e 

(1) d^"^"^l lc 1 y' 8 ( 2 rS!hf o rtr ter3 adjustable, Including 

~ - <« ol 2itSra.2i 

(1) inc?Lsfot\“renetgi h ab^rteS 1 bv r" ** ? nvlaa eod. These Include 

nominal and maximum loads and (2) rnodmcS^ £ ££ Ja^'t 
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Figure 3.- Centrifugal regulator braking device. 
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